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We aimed to compare the immune response induced by natural infection with 2009 
pandemic influenza A/Hi Nl (pHl N1) virus and by monovalent pHl N1 vaccination in 
children and adolescents. This cross-sectional clinical study was conducted at 3 hospitals in 
Korea from February to May 2010. A total of 266 healthy subjects aged from 6 months to 
18 yr were tested for the presence of the antibody against pHlNl using hemagglutination 
inhibition (HI) test. Information about pHlNl vaccination and laboratory-confirmed 
pHlNl infection history was obtained. The overall rate of HI titers of > 1:40 against 
pHlNl was 38.7%, and the geometric mean titer (GMT) was 20.5. Immunogenicity of 
pH 1 N 1 vaccination only was reflected by a 41 . 1 % of seroprotection rate and a GMT of 
22.5. Immunogenicity of natural infection only was reflected by a 61 .0% of seroprotection 
rate and a GMT of 40.0. GMT was significantly higher in the subjects of natural infection 
group than in the subjects of pHlNl vaccination group (P< 0.001). The immune responses 
induced by natural pHlNl infection exceed those induced by pHlNl vaccinations. 

Key Words: Pandemic Influenza A; Child; Immune Response; Natural Infection; 
Vaccination 



INTRODUCTION 

Novel swine-origin influenza A/H1N1 virus infection originat- 
ed in Mexico in April 2009 and was determined to be the cause 
of febrile respiratory illness (1, 2). The World Health Organiza- 
tion declared a pandemic in June 2009. Novel swine-origin in- 
fluenza A/H1N1 virus rapidly spread to many countries, caus- 
ing a worldwide pandemic. The active use of oseltamivir and 
large-scale vaccination with the pandemic influenza vaccine 
during the pandemic period controlled the spread of infection. 
The 2009 pandemic influenza A/H1N1 (pHlNl) virus infection 
was also present in Korea. At that time, oseltamivir was provid- 
ed to treat the suspicious influenza-like illness at nearly all hos- 
pitals and clinics nationwide. Under government direction, the 
monovalent 2009 pHlNl vaccine (Green Cross Corporation, 
Yongin, Korea) was developed and national vaccination was 
started in late October 2009. With these efforts, pHlNl was re- 
solved in the early part of 2010. 

The most probable reason for the end of pandemic was the 
acquisition of immunity against the pHlNl virus by most peo- 
ple. Vaccination-acquired immunity might account for a great 
part of this immunity, but the proportion of immunity acquired 
by natural infection may be also considerable. It is important to 
characterize the immunogenicity induced by natural infections 
to evaluate herd immunity, especially against pHlNl infection. 



Immune responses that are induced by wild-type infection are 
generally superior to those induced by inactivated vaccination. 
Live-attenuated vaccines can induce mucosal immune and cel- 
lular immune responses in a manner similar to those in infec- 
tion (3). The immunogenicity induced by natural infection may 
also be dependent on several factors including personal immune 
status, age, and concurrent use of medications (4). 

Seroprevalence studies in children are rare (5) but significant 
owing to their important role in the transmission of influenza 
(6, 7). Few studies have compared the antibody titers against 
pHlNl after natural infection and vaccination (8). The aim of 
this cross-sectional study was to compare the immune response 
induced by natural infection with pHlNl to that induced by 
monovalent pHlNl vaccination in children. 

MATERIALS AND METHODS 
Study subjects and questionnaire 

Enrollment was conducted at 3 hospitals from February to May 
2010 (Department of Pediatrics, Korea Cancer Center Hospital, 
2 pediatric practices located in Seoul and Gyeonggi-do). Healthy 
children aged 6 months to 18 yr who were free of illnesses im- 
peding immune response were enrolled in the study. 

After written informed consent was obtained, 3-4 mL of ve- 
nous blood was obtained from all subjects. Serum was centri- 
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fuged and stored at -70°C until analysis. A questionnaire per- 
taining to the child's age and sex, history of pandemic or sea- 
sonal influenza vaccination, and history of laboratory-corrfirmed 
influenza infection was completed by the parents. According to 
the questionnaire responses, the subjects were classified into 
the following 4 groups: subjects who had monovalent pHlNl 
vaccination and no history of pHlNl infection, subjects who 
had no monovalent pHlNl vaccination and a history of pHlNl 
infection, subjects reporting neither monovalent pHlNl vacci- 
nation nor pHlNl infection, and subjects who were infected 
with pHlNl after monovalent pHlNl vaccination. The primary 
outcome of the present study was comparison of the immuno- 
genicity among the 4 groups. We also compared the immune 
response against pHlNl in 3 different age groups (< 3 yr, 3-8 yr, 
9-18yr) to evaluate the differential effect of immunogenicity with 
respect to age. Virological confirmation of pHlNl infection at 
that time period was performed using pHlNl-specific real-time 
reverse transcriptase-polymerase chain reaction (RT-PCR) in 
most hospitals. An influenza A-positive result from the rapid 
antigen test was also included because > 95% of influenza iso- 
lates were pHlNl viruses (9). The monovalent pHlNlvaccine 
administered to the participants was inactivated and unadju- 
vanted vaccine (Greenflu-S®, Green Cross Corporation, Yongin, 
Korea) containing 7.5 ug (subjects < 3 yr of age) or 15 ug (sub- 
jects > 3 yr of age) of the recommended pHlNl antigen A/Cal- 
ifornia/7/2009 (H1N1). Two doses of the vaccine were admin- 
istered to the subjects aged < 9 yr-old and one dose was admin- 
istered to the aged > 9 yr old. 

Hemagglutination inhibition (HI) test 

Antihemagglutinin antibody titers were determined using the 
HI test according to the "WHO Manual on Animal Influenza 
Diagnosis and Surveillance" (10), which is the most commonly 
used reference. All assays were performed in duplicate and the 
mean value of each was taken. The pHlNl vaccine seed virus 
was used for the HI tests. An HI titer of < 10 was assigned a val- 
ue of 5 for computation of the geometric mean titer (GMT). 

Immunogenicity assessment 

Immunogenicity was assessed according to the seroprotection 
rate and GMT of HI. Seroprotection rate was defined as the pro- 
portion of subjects with HI titers of > 1:40 (1 1). 



Table 1 . Characteristics of the study populatioo 



Characteristics 


No. of subjects 


Meao age + SD (5.8 + 4.2) 


266 


< 3 yr (1 .9 + 0.7) 


82 (30.8%) 


3-8 yr (5.7 + 1 .7) 


126(47.4%) 


9-1 8 yr (12.4 ± 2.9) 


58 (21 .8%) 


Sex ratio (M:F) 


132:134 


The vaccinated:Uovaccinated subjects 


196:70 



Statistical analysis 

Descriptive data are reported as numbers of subjects and as 
percentages or GMT, with 95% confidence intervals (95% CI). 
Comparisons of immunogenicity (seroprotection rate) among 
groups were performed using the chi-squared test. P values of 
< 0.05 were considered significant (2-tailed test). SPSS software 
version 12.0 (SPSS Inc., Chicago, IL, USA) was used for the sta- 
tistical analyses. 

Ethics statement 

The study protocol was reviewed and approved by the institu- 
tional review board of Korea Cancer Center Hospital (K-1001- 
001-013). Written informed consent was obtained from all par- 
ticipants or their parents before study participation. 

RESULTS 

A total of 266 healthy children and adolescents with nearly equal 
gender distribution were enrolled in the present study (Table 1). 
The mean participant age was 5.8 yr (0.5-18.7 yr). For pHlNl, 
the overall seroprotection rate (HI > 1:40) was 38.7% and the 
GMT was 20.5 (95% CI, 18.5-22.4). Of the children aged < 3 yr, 
the seroprotection rate and GMT was 28.1% and 16.5 (95% CI, 
13.2- 19.7), respectively. Of the children aged 3-8 yr, the seropro- 
tection rate and GMT was 50.0% and 18.2 (95% CI, 15.3-21.1), 
respectively. Of the children aged 9-18 yr, the seroprotection 
rate and GMT was 51.1% and 33.4 (95% CI, 28.3-38.6), respec- 
tively. 

Immunogenicity of the monovalent pHlNl vaccine 

Of the 266 subjects, 196 were vaccinated with the pHlNl vac- 
cine. The mean age of 196 vaccinated subjects was 6.2 yr and 
100 subjects were male. The mean duration from pandemic in- 
fluenza vaccination to the HI test was 58 days (21-148 days). The 
overall seroprotection rate and GMT among the subjects who 
received the pHlNl vaccination was 40.8% and 22.4, respective- 
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Seroprotection rate (%) GMT (dilution titer) 
Fig. 1 . Immune response of the study subjects against pH1 N1 . 
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ly (Fig. 1). Of the 196 children who received the pHlNl vaccine, 
57 were aged < 3 yr, 87 were aged 3-8 yr, and 52 were aged 9-18 
yr. The irnmunogenicity induced by each vaccine was stratified 
by age. Of the children aged < 3 yr, the seroprotection rate and 
GMT was 28.1% and 17.9 (95% CI, 14.5-21.4), respectively (Fig. 
2). Of the children aged 3-8 yr, the seroprotection rate and GMT 
was 43.7% and 21.3 (95% CI, 16.7-25.9), respectively. Of the chil- 
dren aged 9-18 yr, the seroprotection rate and GMT was 51.9% 
and 31.1 (95% CI, 22.9-39.2), respectively. 

Irnmunogenicity by natural infection with pHlNl virus 

Of the 266 subjects, 27 (15 male, 12 female) had confirmed 
pHlNl virus infection. The mean duration of the pHlNl diag- 
nosis to the sampling was 94.7 days (52-177 days). The mean age 
of the infected subjects was 5.5 yr; 21 (77.8%) were aged 3-8 yr. 
The rate of infection by age was 4.9% in the group of aged < 3 yr 
(4/82), 16.7% (21/126) in the group of aged 3-8 yr, and 3.4% (2/ 




Seroprotection rate (%) GMT (dilution titer) 
Fig. 2. Immune response of the monovalent pH1 N1 vaccine among the 3 age groups. 



58) in the group of aged 9-18 yr. The seroprotection rate and 
GMT by pHlNl virus infection was 59.3% and 36.1 (95% CI, 
24.8-37.0), respectively. 

Comparison of irnmunogenicity by monovalent pHlNl 
vaccination and pHlNl natural infection 

Of the 196 children who received the monovalent pHlNl vac- 
cine, 192 had no history of clinical infection with the pHlNl vi- 
rus and 4 had a history of laboratory-confirmed pHlNl virus 
infection. Of the 70 children who did not receive the monova- 
lent pHlNl vaccine, 23 had laboratory-confirmed pHlNl virus 
infection, and 47 had no history of clinical infection with pHlNl 
virus (Table 2). In the subjects who received the monovalent 
pHlNl vaccination but did not have a history of pHlNl virus 
infection, the seroprotection rate was 41.1% and the GMT was 
22.5 (group A). The irnmunogenicity induced by vaccine in- 
creased with age. 

On the other hand, the irnmunogenicity induced by pHlNl 
natural infection without monovalent pHlNl vaccination was 
reflected by a 61.0% seroprotection rate and a GMT of 40.0 (group 
B). GMT of group B was significantly higher than that of group 
A {P < 0.001). When we compared GMT between the vaccina- 
tion and infection groups including the 18 subjects who had HI 
titers > 10 (presumed as asymptomatic infection) from group 
C, GMT was still significantly different (22.5 vs 36. 1, 95% CI, 28.2- 
44.1, P < 0.001). The mean duration from the day of vaccination/ 
infection to sampling day was significantly different (58 vs 95 
days, P < 0.05). To reduce the influence by this different dura- 
tion of the vaccination/infection to sampling between group A 
and B, we limited the duration from 50 to 150 days. The age of 
subjects was also limited as between 6 months and 10 yr old. 
After matching the age within the limited duration, the difference 



Table 2. Immune response against pH1 N1 among 4 groups 



Immune response 


Total (n = 266) 


A*(n = 192) 


B* (n = 23) 


C (n = 47) 


D (n = 4) 


Seroprotection rate (%) 
< 3 yr 
3-8 yr 
9-1 8 yr 


38.7 
29.1(57) 
44.1 (84) 
51.0(51) 


41.1 

50.0 (4) 

61.1 (18) 
100.0(1) 


61.0 


31.4 


50.0 


GMT (95% CI) 
< 3 yr 
3-8 yr 
9-1 8 yr 


20.5 (18.5-22.4) 
18.3(57) 
21.7(84) 
30.5(51) 


22.5(19.5-25.5) 
47.6 (4) 
33.0(18) 
640 (1) 


40.0 (33.0-47.0) 


10.2(8.7-11.6) 


20.0 (9.4-49.4) 


*GMT of group B was significantly higher than that of group A (P< 0.001). A, monovalent pH1N1 vaccination (+)/pH1N1 infection (-) group; B, monovalent pH1N1 vaccination 
(-)/pH1 N1 infection (+) group; C, monovalent pH1 N1 vaccination (-)/pH1 N1 infection (-) group; D, monovalent pH1 N1 vaccination (+)/pH1 N1 infection (+) group. 


Table 3. Comparison of immune response against pH1 N1 between A and B 


groups after matching the age 






Characteristics 






A (n = 34) 


B (n = 1 8) 


P value 


Range of age, yr (mean) 






0.50-9.84 (6.6) 


0.80-9.12(5.1) 


0.054 


Range of duration between vaccination/infection and sampling, days (mean) 




51-148(82.2) 


52-121 (88.7) 


0.37 


Seroprotection rate (%) 






35.3 


61.0 


0.11 


GMT (95% CI) 






17.0(10.4-23.6) 


42.1 (30.2-52.9) 


< 0.001 



A, monovalent pH1 N1 vaccination (+)/pH1 N1 infection (-) group; B, monovalent pH1 N1 vaccination (-)/pH1 N1 infection (+) group. 
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■ Pandemic vaccine only 




Seroprotection rate (%' 



GMT (dilution titer) 



Fig. 3. The effect of seasonal influenza vaccination on the immunogenicity of pH1 N1 
vaccination. 

of GMT between group A and B was more prominent (Table 3). 
A total of 31.4% of the subjects who had neither pHlNl vaccina- 
tion nor pHlNl virus infection (group C) had HI titers of > 1:40. 

The effect of 2009-2010 seasonal influenza vaccination on 
the immunogenicity of monovalent pHlNl vaccination 

Among the 196 monovalent pHlNl-vaccinated subjects, 191 
subjects answered questions about their history of previous 
seasonal influenza vaccination (2009-2010 season). A total of 
131 of 191 (68.6%) children were vaccinated with seasonal in- 
fluenza vaccine. Of the children vaccinated with monovalent 
pHlNl vaccine after seasonal influenza vaccination, the sero- 
protection rate was 37.1% and the GMT was 20.7 (95% CI, 17.7- 
23.8). Of the subjects vaccinated with monovalent pHlNl vac- 
cine alone, 49.2% achieved HI titers > 1:40 and the GMT was 
30.2 (95% CI, 21.8-38.6). There was a significant difference be- 
tween the 2 groups (P < 0.05, Fig. 3). 

DISCUSSION 

The overall seroprotection rate provided by the monovalent 
pHlNl vaccine was 40.8%. This rate is lower than those report- 
ed by most studies on immunogenicity among children (12, 13). 
In a clinical trial on immunogenicity against the same pHlNl 
vaccine with our study, which has been carried out in Korea in 
2009, seroprotection rate in subjects 6 months to < 9 yr of age 
were lower than the previous results. HI titers > 1:40 were ob- 
served in 55.9% of subjects < 3 yr, 69.5% of subjects 3-8 yr, and 
90.5% of subjects 9-18 yr of age by day 21 after the second dose 
(14). Relatively low seroprotection rate against the vaccine might 
be applied similarly to our study subjects. This may be the main 
reason for the weak immune response in our study. The second 
reason for the weak response is delayed post-vaccination sam- 
pling (mean 58 days after vaccination) to evaluate the immuno- 
genicity. Antihemagglutinin antibody titers of inactivated influ- 
enza vaccination peak at 3-4 weeks after vaccination. Therefore, 



most of the studies that evaluate vaccine immunogenicity show 
the antibody titers at that time point. Low antibody titers of chil- 
dren aged < 3 yr, which comprised 29% of our study subjects, 
also contribute to the weak immunogenicity. The seroprotec- 
tion rate of this age group was 28.1% compared with 50% in the 
older age groups. The immune response in infants and young 
children by vaccination is lower than that in older children and 
adults (8, 13-15). Even at an age of < 2 yr, the antibody respons- 
es increase with age (16). 

There have been a few studies focusing on pHlNl-induced 
immunogenicity. One seroprevalence study of pandemic influ- 
enza among children demonstrated that subjects vaccinated 
against the pHlNl virus exhibited lower titers than subjects with 
laboratory-confirmed pHlNl virus infection (8). We also dem- 
onstrated that natural infection-induced immunogenicity was 
higher than that induced by inactivated vaccine. However, only 
61% of the subjects with natural influenza infection had protec- 
tive antibody titers against pHlNl. This result is short of the ex- 
pected natural infection-induced immunogenicity. Except for 
the obviously delayed sampling, after confirmation of the infec- 
tion (mean 95 days), one possible reason for the weak immune 
response is the aggressive use of oseltamivir by the infected sub- 
jects during the pandemic period. Medication with oseltamivir 
was the most different point in coping with the influenza pan- 
demic wave compared with previous seasonal influenza sea- 
sons. All infected subjects were treated with oseltamivir for 5 days 
in the present study. This might have influenced the natural 
H1N1 infection-induced immunogenicity in this study. 

Since influenza viruses invade the respiratory mucosal sur- 
face, mucosally produced secretory immunoglobulin A (IgA) 
antibodies are thought to be the most effective and immediate 
defense (17). One recent study about the effect of oseltamivir 
on the immune response showed that oseltamivir significantly 
suppressed respiratory mucosal secretory IgA responses and 
decreased the neutralizing activities of the airway fluids (18). 
Oseltamivir treatment reduces the viral load of patients with 
pHlNl virus infection (19). Consequently the decrease of viral 
load and suppression of mucosal immune system by oseltami- 
vir treatment might negatively influence immune responses to 
the influenza virus. 

It was notable in our study that 31% of the subjects who nei- 
ther received pHlNl vaccination nor had a history of pHlNl 
virus infection had HI titers of > 1:40 againstpHlNl virus. Older 
adults born before 1950 had HI titers of > 1:80 at a rate of 34% 
against pHlNl virus via previous natural infection with season- 
al H1N1 viruses (20). On the other hand, children had little evi- 
dence of cross-reactive antibodies to pHlNl. Therefore, our re- 
sult suggests subclinical or asymptomatic infection with pHlNl 
virus. Studies have described a 25%-30% rate of subclinical or 
asymptomatic pHlNl infection (8, 21). Subjects with milder 
symptoms or non-symptoms might not consider themselves 
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infected with influenza and not visit the hospital for laboratory 
test confirmation. Further, the inclusion of only laboratory-con- 
firmed cases as the infected subjects in this study might have 
underestimated the proportion of infected subjects. Underesti- 
mation of the rate of asymptomatic infection may contribute to 
the spread of infections and make it difficult to measure the ex- 
act incidence of influenza infection. Serological diagnosis of 
subclinical infections could be performed by the identification 
of 4-fold or greater increases in antibody titer after infection, 
compared with baseline titers. 

We found that the rate of HI titers of > 1:40 against pHlNl in 
subjects vaccinated with both the seasonal and the pHlNl vac- 
cine (37.1%) was lower than in those who received the pHlNl 
vaccine only (49.2%). Several studies have suggested a possible 
suppressive impact of the seasonal influenza vaccine on the im- 
mune response to pHlNl (12, 22-24). An association between 
prior receipt of the 2008-2009 divalent inactivated seasonal in- 
fluenza vaccine and pHlNl illness was suggested in 1 study 
performed in Canada (24). One of the hypotheses suggested by 
that study is that repeat immunization blocks the more com- 
plex and cross-protective immunity afforded by prior infection. 
Similarly, other studies found a diminution of antibody response 
in patients with higher baseline titers of pHlNl and prior sea- 
sonal vaccine exposure (12, 22). We obtained similar results in 
this study in spite of not evaluating the baseline pHlNl titers. 
Further, research is needed to confirm the findings about this 
effect. 

The main limitation of this study was that we could not eval- 
uate the baseline antibody titers before vaccination and could 
not rule out the asymptomatic infection in the vaccinated group. 
Another limitation was the small number of subjects in the in- 
fected group (n = 23, group B). 

In summary, this study demonstrated that the immune re- 
sponse to wild-type pHlNl virus infection exceeds that to vac- 
cination and that aggressive use of antiviral agents may influ- 
ence natural infection-induced immunogenicity. Subclinical 
pHlNl infections were assumed in approximately 30% of the 
children with neither pHlNl vaccination nor a history of lab- 
confirmed pHlNl virus infection. In addition, previous season- 
al influenza vaccination seems to have a negative impact on the 
immune response to pHlNl vaccination. Evaluation of the in- 
fluence of natural infection and vaccination on herd immunity 
is important and necessary. Several factors including age, prior 
influenza exposure, and the type of prior vaccination should be 
considered to evaluate vaccine efficacy and develop an ideal 
vaccine. 
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